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Appl. No.: 09/556,824 

Amdt. Dated; DeceTnber 8, 2003 

Reply to Office Action of: July 7, 2003 



REMARKS 



Applicant submits with this response a certified copy of the 
priority document, a translation of the priority document, and a 
Declaration swearing to the accuracy of the translation. Applicant 
has claimed priority for Japanese application 11-113059 (see 
Declaration for patent application) , Still further, the Examiner 
should note that at page 17 (last paragraph) of the specification 
filed with the US Patent Office on April 21, 2000, Applicant has 
stated that there is a claim for priority to application 11-113059 
filed April 21, 1999 which was incorporated by reference into this 
application in its entirety. 

It is, therefore, respectfully submitted that Applicant has 
shown priority at a date prior to August 17, 1999, the date of the 
filing of King '396. For this reason, the King reference cannot be 
applied against Applicant's claims. 

Applicant's proof of foreign priority pursuant to 35 USC § 119 
overcomes the King reference. 

Since all other rejections are based upon King or combinations 
of King, it is respectfully submitted that this application is now 
in condition for allowance. 

In view of the foregoing, it is respectfully submitted that 
the application is now in condition for allowance, and early action 
in accordance thereof is requested. In the event there is any 
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Appl. No.: 09/556,824 

Antdt. Dated: December B, 2 003 

Reply to Office Action of: July 7, 2003 

reason why the application cannot be allowed in this current 
condition, it is respectfully requested that the Examiner contact 
the undersigned at the number listed below to resolve any problems 
by Interview or Examiner's Amendment. 



Date: December 8, 2 003 

Snider & Associates 
Ronald R, Snider 
P.O. Box 27613 

Washington, D.C. 20038-7613 
(202) 347-2600 

RRS/bam 
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S/N; 09/556,824 9/30/2003 Do eke t No. s SUD-llS-CSAP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

serial NO.: 09/556,824 Confirmation No. t 64 OS ■ 

Applicant: Hiroyuki OGAWA Art Unit: 2623 . 

Filed: Apiril 21, 2000 Examiner; Kim, chong R. 

Docket No. SOT-liB-uaAP Customer No: 2BB92 

For- Method for Observing Ob J eat by. Projection,... Method for 
Detecting Microorganisms and "Projection Deteciting System 

DTCrXARATIO ^J^ TRANSLATION ACCURACY 

I hereby declare .upon penalty of perjury that the attached English 
language translation of Japanese Patent Application 11'113059- 
(filed April 21, 19.99) is accurate and believed to be true. This 
statement is made with the' knowledge that willful false statements 
and the like so made are punishable by fin^ and iinprisonmBiit, or 
both under Section lOOl of . title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 



Signature 




Print Name 






SUDA Atsushi 


Address 




2-10-60S, 


Niehikicho l-cliome, Aoba-ku, 



Seodai-Bhi, Miyagi 980-0012 JAPAN 



PAGE 11/29 ' RCVD AT 1/6/20044:30:15 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/1 ' DNIS:8729314* CSID:2023477870 * DURATION (inm-ss):09-02 



01/06/04 17:33 FAX 2023477870 SNIDER AND ASSOC. [2)012 



Method for obBerving object by projection, method for detecting Tnicroorgauienis, and projection 
detecting ayBtem 

[CLAIM! 

What is claimed is: 

1. A method for observing object'by projection, comprising the step oi" 

(a) illuminating object \mder obecrvation with coherent laser beam; 

(b) receiving the light projection generated by the object under observation with image ecnsor; 
the magni6ed picture being produced by the projected image data obtained by said image sensor. 

2. A method for detecting the presence of microorganiflme in a sample, comprising the step ot 

(a) preparing a light-permeable culture medium mixed with a sample; 

(b) iUuminating said medium with coherent laser beam; 

(c) receiving the li^Iit projection generated by said medium with image sensor; 

the presence of microorganisms being detected by analyzing the projected image data obtained by 
said image sensor. 

3. A projection detecting system comprising: 

(a) a loading portion for an object under observation; 

(b) a coherent laser beam emitting source which illuminates the object placed on said loading 
portion; and 

(c) an image sensor which is an array of light sensitive detectors, arranged to receive the light 
projection generated hy said object illuminated by said laser beam and providing the projected 
image data corresponding to each detector. . 

4. A projection detecting system comprising: 

(a) multiple loading portions capable of accommodating many objects imder observation in a row; 

(b) a coherent laser beam emitting source which illuminates through said objects placed on said 
loading portion; and 

(c) an image sensor which is an array of light sensitive detectors, arra^iged to receive the 
compoimded Hght projection generated by said objects illuminated by said laser beam and 
providing the projected image data corresponding to each detector. 

6. Aprojection detecting system comprising: 

(a) a loading portion for an object under observation; 

(b) three coherent laser beam emitting sources which illuminate said object placed on said 
loading portion from X, Y and Z direction which are perpendicidar to each other; and 

(c) three image sensors which are an array of Hght sensitive detectors, arranged to receive the 
.light projection generated by said object illuminated by said laser beams from X, Y and Z. 
direction respectively and providing tfce projected imc^e data corresponding to each detector 
as X, Y and Z image data. 

6. A projection detecting system comprising; 

(a) a loading portion which holds an object under observation and is capable of rotating said 
object with constant angidar velocity around center axis that passes through the center of said 
object; 

(b) a coherent laser beam emitting source which illuminates said object placed on said loading 
portion from the direction perpendicular to the axis of rotation; 

1 
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(c) an image sensor which is an array of light sensitive detectors, arranged to receive the light 
projection generated by said object illuminated by said laser beam and providing the projected 
image data corresponding to each detector. 

DETAILED DESCRIPTION OF THE INVENTION 

[00013 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to a method for observing an object, a method for detecting microorganisms 
in a culture medium, and a projection detecting system for an object. 

[0002] 

DESCRIPTION OF THE PRIOR ART 

For detecting the presence of euch microorganism in food as Escherichia coli, Staphylococcus aureus, 
Vibrio or the like, that causes food poisoning, food manufacturing companies work on microbial 
detection, lb express a level of contamination, number of living organisms per Ig or Iml in foodstuff 
is used as an indicator when microbial detection is performed. Standard Methods Agar is widely 
used in the determination of microbial counts, being incubated at 35''C± 1 for 24 or 48 houra Tb 
determine microbial eounta, colonies on an agar plate are counterf while viewing the agar plate or a 
colony counter i$ used for counting. In count methods, a dilution of the sample is mixed in a aterile 
difih with melted agar and colonies in a medium are counted after the agar is incubated. 



Other approaches to the microbial detection method and system are taught in such Japanese 
Patent applicatione as 5-288992 and 10-240950. Such patent applications teach the way to detect 
microorganiBms by processing image data collected with CCD camera, magnitying microorganisms 



OBJECTJVB OF THE INVENTION (Problems to be resolved) 

However, traditional approach to the microbial counts have involved longer incubation duration 
since a colony has to be large enough to be counted visually, and a longer incvibation often causes 
colony overlapping and count difQculty Or inaccuracy problem. when the contamination level in a 
sample is high. The method and ^stem taught in Japanese Patent applications as 5-288992 and 
10-240960 use lenses to magnify microorganisms so that focussing process is required and only the 
microorganisms at focal distance can be observed with the technique. 



The objective of the present invention is to resolve said problems and to provide a method for 
obfiejviug microscopic object by projection, a novel microbial detection method capable of more 
rapidly determining the presence and quantities of microorganisms accurately and easily, and a 
projection detecting system capable of facilitating precise microbial detection. 

lOOOSI 

SOLUTION TO THE DHAWBACS 

To achieve eaid objectives, a method for observing an object by projection comprises the step .of 
iUuminating an object under observation with coherent laser beam, receiving the light projection 
generated by the object under observation with image sensor and producing output of the magnified 
picture with the projected image data obtained by said image sensor. 

I0007J 

With a msthod for observing object by projection, computer preferably performs magnification of the 
projected image data obtained by said image sensor and outputs the enlarged picture to a display -a 
printer or some other output devicea 



[0003] 



with lenses. 



[0004) 



[0005] 
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[0008] 

A method for detectiDg the presence of microorganisms in a sample compriees the elep of preparing 
a light-permeable c\dture mecUum mixed with a sample, illuminating said medium with a coherent 
laser beam^ receiving the light projection generated by said medium with an image sensor and 
detecting the presence of microorgaoieme by analyzing the projected image data obtained by said ' 
image sensor. 

[00091 

An image sensor is preferably CCD(Charge Coupled Device) area image sensor which is an array of 
light sensitive detector elements, each of which has a side length of few microns. An image sensor 
preferably faces the laser beam perpendicularly. A light-permeable culture medium preferably 
contains TTC (Triphenyltetrazoliiim Chloride) which stains transparent inicroorgEUUsmB and 
makes them more visible. 

[OOlOl 

A method for detecting the presence of microorganisms in a sample comprises the step of preparing 
a light-permeable culture medium mixed with a sample, illuminating said medium with a coherent 
laser beam, receiving the light projection generated by said medium with an image sensor. The 
image sensor generates light projection detect signal when colonies of microorganisms grow large 
enou^ to create shades blocking laser beam. The presence of microorganisms is detected by the 
shades. 

[0011] 

A projection detecting system as claimed in claim 3 is characterized in that it has a loading portion 
fot an object under observation, a coherent laser beam emitting source which illuminates the object 
placed on said loading portion, an image sensor, which is an array of light sensitive detectors, 
arranged to receive the light projection generated by said object illuminated by said laser beam and 
providing the projected image data coirespouding to each detector. 

[0012] 

When a projection detecting system as claimed in claim 3 is usedj a sample-containing container 
cell is placed on a loading portion. A sample is mixed with a light-permeable medium and poured 
into a transparent container cell, for instance. A coherent laser beam emitting source illuminates 
through the contaixxer cell placed on said loading portion and an image sensor receives the light 
projection generated by the sample-containing medium. When a sample forms colomes, they block 
the laser beam and create shades and produce the prpjected image data output on each detector of 
an image sensor. When an object under observation comprising of a transparent container cell filled 
with a sample-containing medium is used, for example, and a sample inside forms c-oloniee, the 
presence of microorganisms in the sample is detected. 

[00131 

A projection detecting system as claimed in claim 4 is characterized in that it has multiple loading 
portions capable of accommodating many objects under observation in a row, a coherent laser beam 
emitting source which illuminates through said objects placed on said loading portion, and an 
image sensor which is an array of light sensitive detectors, arranged to receive the compounded 
light projection generated by said objects illuminated by said laser beam and providing the 
projected image data corresponding to each detector. 
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[0014] 

When a projection detecting system aB claimed in claim 4 is used, many eampJe-containing 
container cells under obeervatdon are placed on multiple loading portions in a row. A sample is 
mixed with a light-permeable medium and poxired into a Iraxispareot container cell, for example. A 
coherent laser beam emitting source illiuninates through many sample-and-medium filled 
container cells placed on s^d loading portion and an image sensor receives the compoimded lig^bt 
projection generated by said samplea. When a sample in each container cell forms colonies, they 
block the laser beam and create shades and produce the projected image data output on each 
detector of an image sensor. When objects under observation comprise of transparent container cells 
filled with a sample-con taining medium, for instance, and a sample inside of any coxitainer cell 
forms colonies, blocking the laser beam and creating shades which generate the projected image 
data corresponding to each detector, the presence of microorgam$nis in one or more container cells 
is detected. When the presence of microorgax^isxns is detected in samples, if a laser beam 
individually iUuminates sample by sample, then the speciiic sample creating shades can be 
identified, With this set-up, microbial detection becomes more efficient especially when niunber of 
samples contaminated by microorganisms is small. 

[00161 

A projection detecting system as claimed in claim 5 is characterized in that it has a loading portion 
for an object under observation, three coherent laser beam emitting sources which illuminate said 
object placed on said loading portion from X, Y aind Z direction perpendicular to each other, and 
three image sensors which are an array of light sensitive detectors, arranged to receive the light 
projection generated by said object illuminated by said laser beams from X, Y and Z direction 
reepectively and providing the projected image data corresponding to each detector as X, Y and Z 
image data. 

10016] 

When a projection detecting system as claimed in claim 5 is %i&ed, a sample-contaimng container 
cell is placed on a loading portion. A sample is mixed with a light-permeable medium and poured 
into a transparent container cell, for instance. Coherent laser beam emitting sources illuminate a 
sample from X, Y and Z direction and image sensor s receive respective X, Y and Z projection image 
data. The image sensors generate projection image data on each detector when micxoscopic object of 
some sort in a sample blocks the laser beams. When an object under observation comprises of a 
transparent conteiiner cell filled with a sample-containing medium, for instance, and a sample 
inside of container cell forms colonies, blocking the laser beam and creating shades which generate 
the projected image data corresponding to each detector, the presence of microorganisma in the 
sample is detected. Using a three-dimensional (3D) projection created by X, Y and Z image data, 
physical shape of the object is observed and overlapped shades detected by straight one directional 
beam can be separated and isolated. 

[00171 

A projection detecting system as claimed in cJaira 6 is characterized in that it has a loading portion 
which holds an object luider observation and is capable of rotating said object with constant angular 
velocity around center axis that passes through the center of said object, a coherent laser beam 
emitting source which illuminates said object placed on said loading portion from the direction 
perpendicular to tbe eo^ie of rotation, and an image sensor which is an array of light sensitive 
detectors, arranged to receive the light projection generated by said object illuminated by said laser 
beam and providing the projected image data corresponding to each detector. 
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[00181 

When a projection detecting system as claimed in claim 6 is used, a sample-containing coatainer 
cell IS placed on a loading portion. A sample is mixed with a light-pemeable medium and poured 
into a transparent cylindrical container cell, for example. WhUe rotating the container cell on said 
loading portion with constant angular velocity around the center of axis that paesee tlinjugh the 
center of a container ceU, a coherent laser beam emitting source iUuminates the sample-contaiuing 
container ceU and an image sensor receives the light projection generated by the sample 
lUiuninated by the laser beam. The image sensor generates projection image data on each detector 
when microscopic object of some sort in the sample blocks the laser beam. When an object under 
observation comprises of a transparent container cell filled with a sample -containing medium, for 
instance, and a sample inside of container ceU forms colonies, blocking tie laser beam and creating 
shades which generate the projected image data corresponding to each detw:tor, the presence of 
microorganisms in a sample is detected Wken a projection image data is collected, rotating a 
sample-containing container cell, physical shape of the object; is observed and overlapped shades 
detected by straight one directional beam can be separated and isolated. 

100191 

With this invention of a method for detecting the presence of microorganisms in a sample and a 
projection detecting system, the presence of microorganieras is detected by image sensor so that 
colonies are detected before they can be seen by naked eye and incubation duration uotii detection 
is much shorter. Detecting the presence of microorganisms is also achieved before colonies grow up 
and overlap each other so that accurate microbial counts can be obtained easily Furthermore, no 
troublesome lens focussing is required for microbial detection and all microorganisme in the padi of 
laser beam axe detected regardless the depth they locate since micToo^aniams in a sample are 
directly projected to image sensor. 

[0O2O] 

TOth said invention of a method for detecting the presence of microorganisms in a sample and a 
projection detecting system, graphical image of colonies can be created by the projected image data . 
to be analyzed for its physical shape. Furthermore, microbial counts can be performed, nmng 
projected image data for colonies that reached to certain size after certsun period of time. Microbial 
growth time can be obtained by measuring time till colonies grow to certain size to be detected. 
Moreover, a selective medium for particular specie and the information on microbial growth rate, 
colony shape^ projected color image data, those which are unique to the microorganism imder 
inveet^ation, can be utilized to identify and determine the specaes. 

[0021] 

APPLIED FORM OF THE INVEOTION 

Using figures, some applications of the present invention are described ae follows 
FIG. 1 shows first form of application of the present invention. 

As FIG.l shows, a projection detecting system 1 has a loading portion Ooot shown in the figure), a 
laser beam emitting source 2, a beam expander 3 and an image sensor 4, 

[0022] 

A loading portion accommodates a cell 5 (transparent container for light-permeable medium), A cell 
5 utilized is transparent; thin and sterilized iQml container cell A loading portion has a capability 
of incubating the cell 5 at appropriate temperature for microorganisms to grow. Instead of having 
incubation ability, cell 5 can be made out fi'om a material that heats up by itself to appropriate 
temperature for microorganisms to grow, receiving laser beam firom a laser beam emitting source 2. 
A laser beam emitting source 2 is so arranged to illuminate the cell 5 placed on a loading portion. A 
white laser is more desirable for a laser beam emitting source 2, but a semiconductor red laser can 
be used for the purpose. A beam expander 3 that composes of a convex lens 3a and a concave lens 3b, 
expands the diameter of laser beam emitted by the laser beam source 2, to the larger ri'™ of 
coveriug the entire image sensor 4. 
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[0023] 

An image sensor 4 is a CCD (Charge Coxipled Device) area image seneor which is an array of light 
sensitive detectoia, each of which has a side length of few microns. For an iioage sensor 4, interline 
CCD image sensor TCD647IAD, manufacture hy Tbshiha, can be used, for example. The particxdar 
CCD has 858 X 614 pixels, detector element size of 6.7;imX5.9 /zm and image size of 4.9nmiX 
3.6mm. An image sensor 4 is preferably capable of sampling and handling 24 bit color image data 
(16,700,000 color) when a white laser is used as a beam-emitting source. An image sensor being 
capable of sampling and handling 8 bit image data (256 separation stepe) may be used for the im£^e 
sensor 4 when a single color laser ie used as a beam source. An image sensor 4 is arranged to be 
located behind a loading portion at the opposite side, facing a laser beam emitting eoiirce 2. At a 
right angle, the sensor surEace 4a receives the laser beam which is emitted by a laser beam source 2, 
expanded by a beam expander 3 and passee through a cell 5. An image sensor 4 is an array of light 
sensitive detectors that generate projection image signals. As shown m FIG.2, the projection image 
data is fed to a computer 7 through an interface 6 and analyzed. 

[00241 

Next, operation is described. 

When microbial detection is performed with a projection detecting system 1, a sample of 1ml is 
mixed with agar medium Qight permeable medium) of 9ml and poured into 10ml cell 5. A eample 
could be a piece of foodstuff for example. Agar medium is melted with heat and Itept at about dO°C. 
lb make transparent microorganisms more visible, TTC (Triphenyltotrazoliuin Chloride) is mixed 
into the medium. TTC ie taken by micxoorgEmisms and is reduced to formazan^ an insoluble red 
pigment, by actively growing microbial cells. After closing a lid of a cell 5, a sample and a medium 
are mixed together and the mixture is solidified to prevent microorganisms to move. The cell 5 is 
placed at a loading portion. A loading portion ie capable of incubating the. cell 5 at an appropriate 
temperature for microorganisms to grow. 

I0025I 

A laser beam emitting source 2 illuminates the surface of a cell 5 £rom a right angle. At a right angle, 
an image sensor 4 receives laser beam that passes through a medium. When a cell 5 ie placed at a 
loading portion, initial projection image is sampled and kept. It is assumed that the shades on 
initial projection image are caused by dust of some sort Then the initial projection image data is 
kept in a computer 7. If the same shades exist on the projection image from then on, they are 
ignored, 

[0026] 

The image sensor 4 generates light projection detect signal as a graphical data by a detector array, 
when in an agar medium colonies of microorganisms grow large enough to create shades blocking 
laser beam. The projection detect signal is fed to a computer 7 through an interface 6 and analyzed. 
Then the presence of microorganisms is detected. By sampling image data a few times in an hour to 
monitor the process of microbial growth, how colonies grow can be observed in a microscopic leveL 
Combined with a computer 7, a projection detecting system 1 can be used as a crude form of 
microscope, 

[00271 

Sampling a projection data with a CCD image sensor 4, each detector element of which has a si^e of 
few microns, is just like observing a microscopic object with a compound eye of few microns each, eo 
to speak. The projection image of microorganismG is obtained by illuminating laser beam through a 
cell 5 onto the surface 4a of image sensor 4 at a right angle, creating shades of a sample in the ceU. 
When the shades of colonies that grow in binary fission, reach to the size larger tlian a detector 
element of CCD image sensor 4, a projection image can be sampled and observed in graphical 
picture. H there supposed to be a microorganism sire of 1 micron and it splits into two in every 20 
minutes, becoming double in size, then the colonies become 32 times in size two and* half hours later, 
well exceeding the dze of one few-micron-long detector element in a CCD image sensor 4, and the 
projection of them becomes observable. 
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[0028] 

Ae FIG.3 shows, Boftware in a computer 7 processes input projection image data as a graphical data, 
analyzes it^ magnifiee it and outpute to a display. A graphical data (step 11) se masked with initial 
graphical data and adverse ejOTect of particles such as dust is eliminated (step 12), If the initial data 
contains microorganisme larger than an element of image sensor 4 in eize, then they grow larger at 
the sampling time then after so that they can be isolated from duet At the same time, a threshold 
level ( step 13) is set up to cut noises and only the data croseee certain level i$ used to compose a 
graphical image. Software filter (etep 14) is used to get rid of small dots and then colony counting 
and colony area Ccdculation are performed (step 15). 

[00291 

If counts of colonies reache to certain number and do not increase within certain range after 
sampling image data few tLmes, the counted number is coixsidered as quantities of coloniee in a 
eample. Although the time interval varies from species to species, if no projection image data 
croBsed over threshold level is observed after a few hours of eampling, it is considered that no 
contamination with microorgacdems is detected (step 16,17 and 1®. 

[0030] 

If a sample of 1ml is mixed with medium and filled into 10ml cell 5 and image data is collected and 
analyzed from one tenth area of image sensor 4, it is essentially same as a sample diluted to one 
tenth. Therefore, if 10 colonies are detected, analyzing projection image data, then there must be 
100 microorganisms exist in a sample of 1ml, 

[0031] 

With a projection detecting system 1, image sensor 4 observes microorganisms in micron level so 
that incubation time and microbial detection time can be shortened and it is not necessary to 
incubate long, wEiiting for colonies to grow visible with naked eye. Since microbial detection is 
performed while monitoring the process of microbial growth, the presence of microorganisms is 
detected before colonies overlap each other. Therefore, the system facihtates microbial detection 
and enables easier and more accurate colony coxmting possible. In addition to this benefit, image 
sensor 4 directly receives microorgamsms* projection image created by laser beam so that no 
troublesome lens focussing is required for microbial detection and all microorganisms in the path of 
laser beam are detected regardless the depth they locate and easier detection is accomplished, With 
a projection detecting system 1, the process of microbial growth can be monitored while incubating 
cell 5 at certain temperature. A selective medium for particular specie together with the 
information database on colony shape, microbial growth rate, projected color image data, those 
which are unique to the microorganism under investigationi can be utilized to identify and 
determine the species. 

[O032J 

FIG,4 shows second form of application of the present invention. 

As nG.4 shows, a projection detecting system 21 has multiple loading porfione, many laser beam 
emitting sources 22a'^22d, and many image eensor 233-^23^ 

[0033] 

Multiple loading portions accommodate ceUs 24a'^24c (transparent container for light-permeable 
medium). Multiple loading portions have a capability of incubating cells 24a'^24c at an appropriate 
temperature for microorganisms to grow. Cells 24a"-24c under observation are placed on multiple 
loading portions in a row. The same laser beam emitting source previously described in first form of 
apphcation can be used for each coherent laser beam emitting source 22a'^22d. Multiple laser 
beam emitting sources 22a~22d comprise of laser source 22a for gross check and laser sources 22b 
"-22d for individual check. J^ser beam emitting source 22a is arranged to illuminate through cells 
24a'r24c on multiple loading portions with single beam. Coherent laser beam emitting sources 22b 
~22d illuminate respective .each cell 24a "^240 from direction perpendicular to, laser beam of 
emitting soiirce 22a. 
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[0034] 



The Qame image sensor previously described in firet form of application can 'be need fot eaclx image 
eeneor 23a'^23d. Image eeneors 23a"^23d are an array of light eerusitive detectorsj arranged to 
receive the light projection to pmvide projection image data output Each image sensor 23a'^23d is 
arranged to be located behind multiple loading portions at the opposite eide> facing laser beam 
emitting sources 22a'^22d. At a right angle to l^e surface, image sensor 23a receives the laser 
beam; which is emitted by a laser beam Bource 22a and paeses through multiple cells 24a'^24c. At a 
right angle to the surface, image sensors 23b^23d are arranged to receive the laser beam, which is 
emitted by a laser beam source e 22b'^22d and passes through cells 24a"^24c from the direction 
perpendicul^ to a laser beam emitted by beam source 22a. As shown in FIG.2, the projection image 
data is fed to a computer 7 through an interface 6 and analyzed. 



When a projection detecting system 21 is used, many sample-containing container cells 24a'^24c 
under observation are placed on multiple loading portions in a row. A sample is mixed with a light- 
permeable medium^ poured into a transparent container cells 22b'~^22d, and solidified. A coherent 
laser beam emitting source 22a illuminateB through many sample -and-medium filled container 
cells 24a'^24c At a right angle to the surface, an image sen^r 23a receives the compounded light 
projection generated by the eamples and generates light projection detect Signal when colonies in 
either sample grow large enough to create shades blocking laser beam. The presence of 
microorganisms in either one of multiple samples is detected by this way. A laser beam emitting 
source 22a is used for monitoring microbial growth. 



When the presence of microorganisms is detected in samples with a laser beam of emitting source 
22a, laser beam emitting sources 22b'^22d individually illxmiiaate each cell 24a'^24c, cell by cell^ 
from the direction perpendicular to the laser beam emitted by source 22a, and image sensors 23b'**-' 
23d receive those beams at a right angle. Bach image sensor 23b'^23d generates light projection 
detect dgnal when colonies of microorgaTil Hm s grow large enough to create shades blocking laser 
beam. As shown in FIG,2, eoftware on a computer 7 prpcessBS projection image data, analyzes it, 
magnifies it and outputs to a display device. By doing this way, the specific sample contajninated by 
microorganisms can be identified. With a projection detecting system 21, microbial detection 
becomes more efficient, handling many samples at a time, especially when number of samples 
contaminated by microorganisms is ftmfllT 

[0037] 

FIG. 5 shows third form of application of the present invention. * 

As FIG. 5(A), (B) show, a projection detecting By stem 31 has a loading portion, coherent laser beam 
emitting sources (not shown in the figure) and image sensors 32a'^32c 



A loading portion accommodates a cube cell 33 (transparent container for light^permeable medium). 
A loading portion has a capability of incubating the cube cell 33 at appropriate temperature for 
microorganisms to grow. The same laser beam emitting source previously described in first form of 
application can be nsed for each coherent laser beam emitting source. (Coherent laser beam emitting 
sources illuminate a cube cell placed on a loading portion from X, Y and Z direction perpendicular to 
each other. 



[0035] 

Next, operation is described. 



[0036] 



[0038] 
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The same image sensor previously described in first form of application can be used for image 
sensors 324-^320. Image eensors 32a'^32c are an array of light sensitive detectors, arranged to 
receive tie light projection to provide projection image data output Each image sensor 32a'^32c is 
arranged to be located behind a loading portion at the opposite side, facing laser beam emitting 
source. At a right angle to the surface, image sensors 32a~32c are arranged to receive the light 
projection generated by a cube cell 33 illuminated by laeer beams jErom X, Y and Z direction 
respectively. The projection image data is fed to a computer 7 through an interface 6 and analyzed, 
(refer to FIG.2). 

[0040] 

Next, operation is described. 

When a projection detecting system 31 is used, a cube cell 33 under observation is placed on a 
loading portion. A sample is mixed with agar medium (a bght-permeable medium), poured into a 
transparent cube cell 33 and solidified. Coherent laser beam emitting sources illuminate a cube cell 
33 jErom X, Y and Z direction and at a right angle to the surface, image sensors 32a'^32c receive 
respective X Y and Z projection image data which are generated by a sample in a cube celL The 
image sensors 32a~32c generate projection image data on each detector when colonies in a sample 
medium grow and block the laser beams. By this way, the presence of microorganisms in the sample 
is detected. The X, Y and Z projection signals generated by ehades are fed to a computer 7 through 
an interface 6 and a three-dimensional image is created from X, Y and 2 projection image data. The 
3D image is magnified and displayed Using 3D image created by X, Y and Z image data, physical 
shape of the colonies is observed and overJaxTped colonies detected by straight one directional beam 
can be separated and isolated. In addition, if a pair of a white laser and a color CCD is used, 
microorganiEms can be characterised by color components, 

[0041] 

FIG- 6 shows fourth form of application of the present invention. 

As FIG. 6 shows, a projection detecting system 41 has a loading portion, coherent laser beam 
emitting sources 42, beam expander 43 and image sensors 44. 

[00421 

A loading portion accommodates a cylindrical container cell 45 (transparent container for lights 
permeable medium). A loading portion has a capability of incubating the cylindrical container cell 
46 at appropriate temperature for microorganiBmB to grow. Aloading portion holds a cylindrical cell 
45 and Ib capable of rotating the cell with conBtant angular velocity around center axis that passes 
through the center of cylindrical oelL The same laser beam emitting source previously described in 
first form of application can be used for a coherent laser beam emitting source 42. A coherent laser 
beam emitting source 42 is arranged to illuminate a ceU 46 placed on a loading portion firom the 
direction perpendicular to the axis of rotation. A beam expander 43 composes of a convex lens 43a 
and a concave lens 43b and expands the diameter of laser beam, that is emitted by the laser beam 
source 44, to the larger size of covering the entire image sensor 44. 

10043] 

The same image sensor previously described in first form of application can be used for an image 
sensor 44, An image sensor 44 is an array of light sensitive detectors, arranged to receive the light 
projection to provide projection image data output An image sensor 44 is arranged to be located 
behind a loading portion at the opposite side, facing a laser beam emitting source 42 and receives 
the beam at a right angle. The projection image data is fed to a computer 7 through an interface 6 
and analyzed, (refer to FIG.^. 



9 



PAGE 20/29* RCVD AT 116120044:30:15 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-111 ' DNIS:8729314* CSID:2023477870^ DURATION (mm-ss):09« 



• 



01/06/04 17:36 FAI 2023477870 



SNIDER AND ASSOC, 



i]021 



[0044] 

Next, operatioia is deeoribed. 

When a projectio» detecting eystem 41 is used, a cylindrical cell 45 under observation is placed on a 
loading portion. A satDple is mixed with agar mediiun (a Hgbtrperineable medium), poured into a 
transparent cyHndricaJ cell and eohdified. While rotating the cylindrical cell 45 on a loading portion 
with constant angular velocity around the center of axie that paeees through the center of 
cylindrical cell, a coherent laser beam emitting eoiirce 42 iQuminates the sample-containing 
cylindrical cell and an image sensor 44 receives the light projection generated by the sample 
illiuninated by the laser beam, at a right angle. An Image sensor 44 generates the projected image 
data, receiving the light projection, when a sample inside of cell forms colonies, blocking the laser 
beam and creating shades. 

[0045] 

By sampling image data a few tLmes in an hour to monitor the process of microbial growth, the 
presence of microorganisms is detected in a microscopic level Software creates three-dimensional 
image on a computer 7, to which the projection image data is ied in through interface 6, while 
rotating a cell 46 one turn or 360 degrees (refer to FIG,2), 3D image is jnagoified and displayed, 
^th 3D image, physical shape of colonies is observed and overlapped shades detected by straight 
one directional beam can be separated and isolated. Well-trained lab technologists may be able to 
identify the species of microorganisms by looking at the shape and color of 3D colony image. 
Furthermore, if data on shape and color of colonies of microorganisms are accumilated to build up 
database, automatic identlGcation on microorganisms by software is possible to achieve. 

[00461 

[BENEFIT OF THE INVENTION] 
When the present invention is applied, following benefits can be realized. 

(a) a method for facilitating observation of microecopic object by projection, 

(b) a novel microbial detection method capable of more rapidly" determining the presence of . 
microorgazusms and identifying quantities of them accurately and easily while shortening 
incubation duration, 

(c) and a projection detecting system capable of facilitating a precise microbia] detection, 

[ROUGH DESCRIPTION OF THE DRAWINGS] 
[FIG.l] 

FIG.l shows first form of application of a projection detecting ^etem in simplified drawing. 

[na2] 

FIG.2 is hardware configuration block diagram of a projection detecting eystem shown in FIG.l. 
[FIG.31 

FIG.3 is software How chart of microbial detection method when a projection detecting system 
shown in FIG. 1 is used. 

[Fia4l 

FIG.4 shows second form of application of a projection detecting system in simplified drawing. 
tFlG.5l 

FIG.5 shows third form of application of a projection detecting system in simplified drawing. 

(A) simplified figure of third form of application; a projection detecting system 

(B) simplified 3D graph of second form of application: X. Y. Z coordination graph 

[FIG.G] 

FIG.4 shows fourth form of application of a projection detecting system in simplified drawing. 
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INUMBERINGJ 
1,21,31,41 
2,22a— 22d. 42 
3,43 

. 4,23a~23d. 32a— 32c,44 
5,24a— 24c,33,45 



a projection detcc^n^ system 
coherent laser beam emitting aoiirce 
beam expander 
image sensor 
ceU 



[ABSTRACT] 
lOBJECTIVB] 

Fast microbial detection is accomplished by identifying quantities of microorganiems accurately 



[SOLUTIONJ 

A cell 5 ia placed on a loading portion. A coherent laser beam source 2 emits laser beam to a cell 5. A 
CCD area image sensor 4 is an array of light sensitive detectore. An image sensor 4 receives light 
projection image that passes through a cell 5 iUnminated by the beam from a laser beam source 2, 
generating projection image signals on each light sensitive detectors. The projection image data is 
fed into a computer and analyzed. 



and easily. 



(FIGURE SELECTION] FlG-l 
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A graphical data is masked with initial graphical data 
and adverse effect of particles such as dust is eliminated. 
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A threshold level is set up to cut noises and only the data 
crosses certain level is used to coinpose a graphical image. 
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